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22 Summary

23 Purpose: We aimed to generate and phenotype a mouse model of FHONDA (Foveal
24  Hypoplasia, Optic Nerve Decussation Defects, and Anterior Segment Dysgenesis), a rare
25 disease associated with mutations in SLC38A8 that causes severe visual alterations

26 similar to albinism without affecting pigmentation.

27  Methods: The FHONDA mouse model was generated with CRISPR (Clustered Regularly
28 Interspaced Short Palindromic Repeats)/Cas9 technology using an RNA guide targeting
29  the Sc/38a8 murine locus. The resulting mice were backcrossed to C57BL/6J. Melanin
30 content was measured using spectrophotometry. Retinal cell architecture was analyzed
31 through light and electron microscopy. Retinal projections to the brain were evaluated
32 with anterograde labelling in embryos and adults. Visual function was assessed by

33  electroretinography (ERG) and the optomotor test (OT).

34  Results: From numerous S/c38a8 mouse mutant alleles generated, we selected one that
35 encodes a truncated protein (p.196Pro*, equivalent to p.199Pro* in the human protein)
36 closely resembling a mutant allele described in patients (p.200GIn*). S/c38a8 mutant
37  mice exhibit wild-type eye and coat pigmentation with comparable melanin contents.
38  Subcellular abnormalities were observed in retinal pigment epithelium cells of S/c38a8
39 mutant mice. Anterograde labelling experiments of retinal projections in embryos and
40 adults showed a reduction of ipsilateral fibers. Functional visual analyses revealed a
41  decreased ERG response in scotopic conditions and a reduction of visual acuity in mutant

42  mice measured by OT.

43  Conclusions: SIc38a8 mutant mice recapitulate the phenotype of FHONDA patients

44  concerning their normal pigmentation and their abnormal visual system, as observed in


https://doi.org/10.1101/2023.08.19.553949
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.08.19.553949; this version posted August 19, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

45 all types of albinism. These mice will be helpful in better understanding the

46  pathophysiology of this genetic condition.

47

48 Introduction

49  Albinism is a rare genetic condition affecting 1 in 10,000 to 20,000 people in European
50 and Western populations. It is caused by mutations in at least 22 genes, 21 of which have
51 already been identified**. All types of albinism result in severe visual impairments, with
52  variable degree of hypopigmentation. Visual abnormalities commonly found in patients
53  with albinism include foveal hypoplasia, iris transillumination and misrouted
54  connections between retinal ganglion cells and visual brain nuclei. Consequently,
55 individuals with albinism experience reduced visual acuity, photophobia, nystagmus and

56 limited stereoscopic vision®.

57 In 2013, a novel syndrome called FHONDA (Foveal Hypoplasia, Optic Nerve Decussation
58 Defects, and Anterior Segment Dysgenesis) was reported as a new recessive rare
59 inherited disorder®. The visual impairments observed in FHONDA patients were similar
60 to those of albinism, with the exception of anterior segment dysgenesis, only detected
61  insome cases®?. Notably, FHONDA patients have no pigmentation defects, meaning they
62  have normal skin, hair, and eye color®”1%11 Subsequently, mutations in the SLC38A8
63 gene were linked to FHONDA’. SLC38A8 is expressed in the human eye and brain and
64  encodes a transmembrane neuron-specific amino acid transporter known as SNAT8 that
65  transports L-glutamine, L-alanine, L-arginine, L-histidine and L-aspartate using a Na+-

66 dependent mechanism?®2,
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67 Following the discovery that mutations in the SLC38A8 gene caused FHONDA in a limited
68 number of families’, additional patients with new mutations in this locus were
69 reported®31. Despite the increasing cohort of patients and mutations, our
70  understanding of the underlying mechanism of FHONDA pathogenesis has not improved

71  significantly.

72  Animal models, primarily mice, have been instrumental to study the etiology and
73  pathophysiology of albinism, particularly in the pigmentary and visual systems. The
74  majority of mouse models of albinism have been developed by targeting Tyr,
75  homologous to the human TYR locus, whose mutations cause oculocutaneous albinism
76  type 1 (OCA1)32%22, These mouse models have been crucial, for example, in uncovering

77  the significant role of L-DOPA in the visual impairments related to albinism?3,

78  More recently, mouse models have also contributed to our understanding of the retinal
79  alterations seen in the latest type of albinism, OCA8, caused by mutations in the DCT
80 gene?*?>, However, no animal model has been made available for investigating FHONDA,
81 apart from some morpholino knockdown experiments conducted in Medaka fish,
82  targeting both S/c38a8 orthologues in the fish, and resulting in microphthalmia, lens
83  defects and fissure coloboma, with varying penetrance, and without any pigmentation

84  defects, as in human FHONDA patients’.

85 Here, we present the generation and phenotypic analysis of the first mouse model of
86 FHONDA. Our aim was to replicate one of the first mutations reported in FHONDA
87  patients (p.GIn200*) by targeting the murine SIc38a8 locus with CRISPR/Cas9 tools. We
88  obtained several mutant alleles and focused on one (p.Pro196* in mice, equivalent to

89  p.Pro199* in human) that closely mimicked the truncated protein found in FHONDA
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90 patients. The resulting S/c38a8 genome-edited mice exhibited a missing carboxy-end of
91 the protein but maintained wild-type pigmentation levels in the eyes and coat, just like

92  FHONDA patients.

93  Light and electron microscopy analyses revealed subcellular alterations in the retinal
94  pigment epithelium cells of SIc38a8 mutant mice. Anterograde labelling of retinal fibers
95 in embryos and adult mice showed a reduced uncrossed projection, consistent with

96 other mouse models of albinism.

97  Finally, we investigated the visual function of these mice with electroretinography (ERG)
98 and optomotor test (OT). ERG analysis revealed differences in scotopic conditions. The
99  OT demonstrated a statistically significant reduction in visual acuity in S/c38a8 mutant

100 mice.

101  This FHONDA mouse model will play a crucial role in further analyses aimed at
102  understanding the underlying molecular mechanisms behind the visual defects in this

103  rare type of albinism, while preserving pigmentation.

104

105 Methods

106 Mice

107  All experimental procedures involving mice were validated by the local CNB Ethics
108 committee on Animal Experimentation. These procedures were then favorably evaluated
109 by the institutional CSIC Ethics Committee and approved by the Autonomous
110  Government of Madrid, in accordance with Spanish and European legislation. All mice

111  were housed at the registered CNB animal facility, where they had ad libitum access to
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112 food (regular rodent chow) and water. They were maintained on a light/dark cycle of
113 08:00-20:00. The authors strictly adhere to the ARVO Statement for the Use of Animals
114  in Ophthalmic and Vision Research. Both male and female mice were used indistinctly in

115  the experiments.

116  CRISPR/Cas9 genome editing in mouse fertilized eggs

117  CRISPR-Cas9 reagents were prepared as described?2527, Briefly, a synthetic guide RNA
118  (sgRNA) sequence (5’-CAATACTACCTGTGGCCCC-3’), targeting the exon 4 of the S/c38a8
119  gene was obtained by in vitro transcription. A solution of Cas9 mRNA (25 ng/ul) and the
120  sgRNA (60 ng/ul) was microinjected into 112 mouse B6CBAF2 (Harlan) fertilized oocytes.
121 Subsequently, the 55 surviving embryos (49%) were transferred to three foster females,
122 resulting in the birth of 27 (49%) newborn mice. To confirm successful genome editing,
123  all mice born were screened using the T7 Endonuclease | assay and PCR with these two
124  primers: Fw 5’-AAAGAGATATCCCAGTTGCCCTC-3’ and Rv 5-
125  ATGGCAAAACCAACAGTCTTCAG-3'. As aresult, 24 (89%) founder mosaic individuals were

126  identified.

127  To deconvolute multiple alleles found in each founder, the region surrounding the target
128  site was cloned, and several clones were subjected to DNA sequencing using the Sanger
129  method resulting in the identification of 16 different mutant alleles. Founder #A8578,
130  carrying the selected mutation (p.196Pro*, equivalent to human p.199Pro*), was utilized
131  to generate the first S/c38a8 heterozygous (+/-) and homozygous (-/-) animals.
132 Thereafter, this mutant allele was backcrossed five times to the C57BL/6J (Charles River)
133  genetic background, which we used as wild-type pigmented control, therefore the

134  mutants must be formally called B6.CB-S/c38a8emA8578/tmon  according to the
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135 recommended mouse strain nomenclature?®. These mutant mice will soon be made
136  available from the EMMA/Infrafrontier repository. As albino control mice, we used

137  B6(Cg)-Tyr<?” (The Jackson Laboratory) animals.

138  Eye pigmentation measurements

139  The melanin content in adult eye extracts was measured via spectrophotometry, as
140  previously described?!. Whole mounted retinas and irises were prepared as outlined
141  before?’. We used Image J for the quantification of iris pigmentation in +18,5 dpc (days

142  post coitum) embryos.

143  Histological analysis

144  Mouse optic cups were fixed in modified Davison solution®® and horizontal sections (5
145  um thick) were prepared following methods previously described?® for light microscopy

146  assessment. These sections were counterstained with cresyl violet.

147  For electron microscopy, mouse optic cups were fixed with 2% paraformaldehyde and
148 2% glutaraldehyde. Subsequently, they were postfixed with 1% osmic tetroxide in 0,8%
149  potassium ferricyanide for 1 hour at +4°C. After fixation, the retinas were dehydrated
150 and embedded in resin epon 811. From the embedded tissues, semithin sections (0,5
151  um) were obtained and thin sections (50-70 nm) were counterstained with uranyl
152  acetate for 30 minutes at room temperature and with lead citrate for 2 min on golden
153  grids. The samples were then observed using a transmission electron microscope (Jeol
154  JEM 1011-100kV). Each genotype and microscopy technique required the use of at least

155  two adult mice, aged between 2 and 3 months old.

156  Labeling of retinal pathways
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157  Anterograde labeling of retinal ganglion cell fibers in +18,5 dpc embryos (10-20 per
158  genotype) was carried out using Dil (1,1'-dioctadecyl-3,3,3',3'-
159  tetramethylindocarbocyanine perchlorate, Invitrogen) neuronal tracer, following the

160  previously described methods?332,

161  For adults (6 to 8 individuals per genotype, aged 2-3 months old), anterograde labeling
162  of retinal ganglion cell projections was conducted using intraocular injection of the
163  fluorescent neuronal tracers CTB-AlexaFluor 555 and 647 (#C34776 and #C34778,
164  Thermo Fisher, Waltham, Massachusetts), iDISCO+ brain clearing and 3D imaging with
165  lightsheet microscopy (2X acquisition magnified 0,8X, 3 um step size) and as reported in
166  previous studies3?33. Volume quantifications were performed using a virtual reality
167 headset (Oculus Quest 2, Meta, Menlo Park, California) and Syglass software (Syglass,
168  version 1.2.79, Morgantown, West Virginia). After converting the stack of optical slices
169  into an Imaris file (.ims) using ImarisFileConverter (Bitplane, Oxford Instruments, version
170  9.5.1, Abingdon, UK), quantifications were performed blindly on the Syglass file (.syg),
171  subsampled to 8 bits (voxel 3.777 x 3.777 x 3 um). We selected only brains where
172  contralateral superior colliculus staining was evenly distributed, testifying of
173  homogeneous injection. Manual segmentation and thresholding were used to isolate
174  voxels corresponding either to the dLGN ipsilateral or contralateral projection. The
175  threshold was chosen according to the edge of the contralateral SC signal. The signal
176  from the contralateral projection of the dLGN, without thresholding, was used to
177  estimate the total volume of the dLGN, used to normalize volume changes that may
178  occur during clearing. We used a custom algorithm, generated by Syglass engineers in

179  Python, to extract the number of voxels (in units) from each of the channels, converted
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180 in .csv files for further volume calculations. Figures were created using Adobe lllustrator

181  (Adobe Creative Cloud 2023), and Imaris.

182  Electroretinographic recordings

183  Scotopic flash-induced ERG responses were recorded in both eyes of the mice as
184  described previously3*. Briefly, following an overnight phase of dark adaptation, the mice
185  were anesthetized (ketamine 100mg/kg and xylazine 5mg/kg) and kept on a thermal
186  blanket at 38°C. The pupils were dilated using 1% tropicamide (Alcon Cusi, Barcelona,
187  Spain) and ophthalmic gel was used to improve electric contact (Viscotears, Novartis,
188  Barcelona, Spain). A platinum needle was inserted under the skin between the eyes as a
189 reference electrode and ground needle electrode was inserted in the base of the tail. All
190 the procedure was performed in a Faraday cage. The DTL fiber recording electrodes
191  (Retina Technologies, Scranton, PA, USA) were placed in both corneas and the retinas
192  were stimulated by light flashes generated by a Ganzfeld stimulator. Seven stimuli with
193 increasing luminance were presented to the animals. To test the cone contribution to
194  the scotopic ERG responses, double flashes with 1 log cd-s/m2 intensity and an
195 interstimulus interval of 1 s were applied. A 10 second interval was left between stimuli
196  inthe case of dim flashes (-5 to —-0.6 log cd-s/m2), and up to 20 s for the brightest flashes
197 (0 to 1 log cd-s/m2). ERG records were amplified and band-pass filtered (1-1000 Hz,
198  without notch filtering) using a DAMS50 data acquisition board (World Precision
199 Instruments, Aston, UK). A PowerLab system (AD Instruments, Oxfordshire, UK) was used
200 for the presentation of stimuli and data acquisition (4 kHz). The a-wave amplitude was

201  measured from the prestimulus baseline to the most negative trough. The b-wave
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202  amplitude measurement was taken from the trough of the a-wave to the peak of the b-

203 wave.

204  Optomotor test

205 To assess the visual acuity of the mice, an Argos optomotor system (Instead
206  Technologies, Elche, Spain, was deployed) was used. The mice were awake and
207  unrestrained. The system is composed of a chamber enclosed by four computer screens
208 facing each other, and a central platform for accommodating the mice (as shown in
209  Figure 8E). The visual stimuli used were vertically configured gratings that would pivot
210  around the mouse on a horizontal plane for a duration of 5 seconds, possessing an initial
211  spatial frequency of 0.088 cycles/degree and a contrast of 100%. The responses of the
212  mice were captured by a camera stationed at the topmost part of the system. The mice's
213 smooth head movements, aligned with the direction of the rotating gratings, were
214  scrutinized by an expert observer. The visual acuity threshold was denoted by the spatial

215  frequency that elicited the mouse's final response.

216  Optical Coherence Tomography (OCT)

217 A Spectralis OCT system (Heidelberg Engineering, Heidelberg, Germany) allowed
218  acquisition of high-resolution optical coherence tomography images of the central
219  retinal region. Mice were anesthetized via an intraperitoneal injection of ketamine (100
220 mg/kg) and xylazine (5 mg/kg), and then placed on a heating pad set to 38°C. The pupils
221  were dilated using a topical application of 1% tropicamide (Alcon Cusi, Barcelona, Spain).
222 Corneal hydration was maintained by applying a droplet of physiological saline to each
223 eye. Then, a contact lens was placed on top to improve image quality. High-resolution

224  cross-sectional OCT images were generated specifically in the central retinal area, above

10
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225  the optic nerve. The outer nuclear layer (ONL) and the total retinal thickness, (excluding

226  the retinal pigment epithelium (RPE), were measured across the OCT cross-sectional

227  images at ten discrete points, each separated by 200 um.

228  Statistical analysis

229  The statistical analyses were conducted with GraphPad Prism (Graph Pad Software, San
230 Diego, CA, USA). Depending on the assay, we used 1-factor or 2-factor ANOVA, with
231  Bonferroni correction. The unpaired Kruskal-Wallis test (without assuming homogeneity
232 of variances) allowed non-parametric comparisons of CTB labeled volumes, followed by

233 Dunn’s multiple comparison test.

11
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234  Results

235  To generate a mouse model of FHONDA we employed a CRISPR-Cas9 approach to target
236  and inactivate the SIc38a8 murine locus. Our goal was to replicate one of the mutant
237  alleles detected in FHONDA patients (p.200GIn*)’, located in exon 4. The human
238  SLC38A8 and mouse Slc38a8 proteins share 82% identity. The p.200GIn position in the
239  human protein sequence corresponds to the p.197GIn in mice (Supplementary Figure
240  1). A unique site for CRISPR targeting was found, where the protospacer adjacent motif
241 (PAM) overlapped with the triplet encoding p.197GIn. RNA reagents, encoding the Cas9
242  nuclease and the specific RNA guide, were transcribed in vitro and microinjected into

243  mouse B6CBAF2 fertilized oocytes following established protocols?'-2.

244  Of of the 27 founder mice born, at least 24 (89%) showed signs of successful genome
245  editing in the expected region of the S/c38a8 locus using the T7 endonuclease | assay,
246  PCR and DNA sequencing analyses. We sequenced all mutant alleles found in founder
247  mice and identified at least 16 different alleles (Figure 1). Among these, one encoded a
248  truncated protein that closely resembled the desired mutation (p.196Pro*). The new
249  STOP codon appeared in the triplet encoding the previous amino acid. We selected this
250 mutation for subsequent analysis after confirming germline transmission and obtaining
251  heterozygous and homozygous mice carrying the selected S/c38a8 mutation

252  (Supplementary Figure 2).

253  Subsequently, we backcrossed the S/c38a8 mutant mice five times onto C57BL/6J genetic
254  background and generated the heterozygous (+/-) (Figure 2C) and homozygous (-/-)
255  (Figure 2D) S/c38a8 mutants required to perform the rest of phenotypic analyses. The

256  resulting SIc38a8 (-/-) mice exhibited wild-type pigmentation, undistinguishable from

12
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257  control pigmented mice (Figure 2A) and similar to FHONDA patients, in contrast with the

258  albino B6(Cg)-Tyr“?” mouse that lack pigmentation in both hair and eyes (Figure 2B) .

259  We measured the melanin contents in the eyes of S/c38a8 heterozygous (+/-) and
260  homozygous (-/-) adult mutants, comparing them with wild-type pigmented C57BL/6)
261  and albino B6(Cg)-Tyr“?” mutant mice (Figure 3A). Our findings showed no statistically
262  significant differences between heterozygous or homozygous S/c38a8 mutants (Figure
263  3B). Similarly, we observed no pigmentation differences in the iris or whole-mounted
264  retina of these S/c38a8 mutants when compared with C57BL/6J pigmented animals
265  (Figure 3C). Surprisingly, statistically significant differences were found between the iris
266  pigmentation in +18,5 dpc embryos of C57BL/6J pigmented mice and heterozygous

267  Slc38a8 (+/-) mice.

268  Next, we evaluated the cellular architecture of the retinas of S/c38a8 heterozygous and
269  homozygous mutants using light (Figure 4) and electron microscopy (Figure 5),
270  comparing them to wild-type pigmented C57BL/6J mice and albino B6(Cg)-Tyr<2/
271  mutants. The retinas of S/c38a8 heterozygous and homozygous mutants firstly appeared
272  comparable to pigmented retinas under light microscopy (Figure 4). However, some
273  empty areas were present in the retinal pigment epithelium (RPE) cells of SIc38a8
274  heterozygous and homozygous mutants, particularly in the homozygous mutants (Figure
275 4, arrows). Under electron microscopy, these areas appeared as intracellular vacuoles
276  (Figure 5, asterisks), more prominent in the homozygous mutants compared to

277  heterozygous ones, but absent in wild-type or albino RPE cells.

13
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278  Additionally, we measured the number of pigmented melanosomes per RPE cell on
279  electron microscope images, and found no differences between pigmented C57BL/6),

280  heterozygous and homozygous Slc38a8 mutants (Supplementary Figure 3).

281  In albino mammals, the projections of retinal ganglion cells to visual nuclei of the brain
282  are affected, with a reduced amount of ipsilateral fibers departing from the optic
283  chiasm?33. We decided to explore these projections in S/lc38a8 mutant mice using two
284  anterograde labeling approaches, in embryos and adults, following established

285  procedures?3®,

286  Unilateral anterograde labeling with Dil (1,1'-dioctadecyl-3,3,3',3'-
287  tetramethylindocarbocyanine perchlorate) in +18.5 dpc embryos revealed a significant
288  reduction inipsilateral fibers in SIc38a8 homozygous mutant mice (Figure 6A-D). Indeed,
289  the vast majority showed faint ipsilateral projections (4 out of 9 homozygous mutant
290 embryos) and none of them had an ipsilateral projection as wide and visible as in wild-
291  type mice. These percentages were similar to the reduction observed in B6(Cg)-Tyr<2/
292  albino control mice, where 8 out of 11 embryos showed faint ipsilateral projections. In
293  contrast, marked ipsilateral projections were observed in 10 out of 12 S/c38a8
294  heterozygous embryos, comparable to wild-type pigmented animals (marked

295  projections in 9 out of 12 fetuses, Figure 6E).

296  We conducted similar anterograde tracing experiment in adult S/c38a8 heterozygous and
297  homozygous mutant mice (2-3 months old) using the neuronal tracer CTB (Cholera Toxin
298  B-subunit) associated with AlexaFluor 555 (represented in magenta) or AlexaFluor 647
299  (represented in green) fluorochromes into each eye, respectively (Figure 7A) to visualize

300 the entire 3D retinal projections for both eyes using clearing and lightsheet microscopy
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301  (Figure 7B). We used control wild-type pigmented C57BL6/J, heterozygous S/c38a8 and
302 homozygous S/c38a8 mutant mice and observed a reduced ipsilateral projection in
303 homozygous SIc38a8 mutants, especially in the superior colliculus (SC) when looking at
304 the entire 3D projection (Figure 7C) and in the dLGN (Figure 7D), which aligns with our
305 resultsin embryos (Figure 6). Indeed, there was a statistically significant reduction in the
306 volume of the ipsilateral projection in the dLGN of homozygous S/c38a8 mutants
307 compared to C57BL6/J mice in both raw (Figure 7F) or normalized volume over the total
308 dLGN volume (Figure 7G). To note, the dLGN is smaller in homozygous S/c38a8 mutants
309 compared to heterozygous SIc38a8 mice (Figure 7H). Overall, the ipsilateral projection is
310  significantly reduced in homozygous S/c38a8 mutants compared to control wild-type
311  C57BL6/J mice. Furthermore, we observed an ectopic patch in the contralateral dLGN
312  projection of homozygous S/c38a8 mutants, not present in the heterozygous S/c38a8 and
313  C57BL6/) wild-type animals (Figure 7E) but similar to the ectopic patch described in

314  albino B6(Cg)-Tyrs?” mutant mice3®.

315  Finally, having confirmed the RPE cell alterations and the misrouting of the ganglion cell
316 ipsilateral projections, we proceeded to functionally assess the visual capacity of these
317  Slc38a8 mutant mice. This investigation aimed to determine whether the observed
318 morphological alterations in the optical tract led to a significant reduction in visual acuity,

319 asitis commonly observed in FHONDA patients.

320 The same three genotypes (wild-type control C57BL/6J, SIc38a8 heterozygous and
321  SIc38a8 homozygous mutants) at adulthood (2-3 months old) were subjected to
322  electroretinography analyses under scotopic conditions to evaluate their retinal

323  function. The analyses of ERG amplitudes showed statistically significant differences in
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324  the responses elicited by the higher intensity flashes between wild-type and S/c38a8
325 homozygous mutant mice, being smaller in the latter group, as expected (Figure 8A-B).
326 In fact, the maximum mean value of the mixed a-wave amplitude in the control group
327 was reduced by 21% (p<0.01) in the S/c38a8 homozygous mutants (Figure 8A-B).
328  Surprisingly, we also detected additional statistically significant differences between
329  heterozygous and S/c38a8 homozygous mutants, with the mean maximum a- and b-
330 wave amplitude values of homozygous mutants reduced by 20% (p<0.01) and by 15%
331  (p<0.01) respectively when compared to the S/c38a8 heterozygous group (Figure 8A-C).
332  However, when we studied the cone-driven ERG response by a scotopic double flash
333  protocol, the amplitudes of a- and b-waves showed no differences between the three

334  groups (Figure 8A, D).

335  For a comprehensive evaluation of the vision of these mice, we assessed their visual
336  acuity with the optomotor test. As expected, S/c38a8 homozygous mutant mice
337 exhibited a statistically significant reduction in visual acuity compared to control
338  C57BL/6J mice. Surprisingly, the SIc38a8 heterozygous mice also showed a similar
339 reduction in visual acuity. Notably, these two experimental groups did not differ from
340 each other (Figure 8E). Furthermore, using OCT, we measured both the thickness of the
341  total retina and of the outer nuclear layer (ONL) comprising photoreceptor nuclei. With
342  this approach, we did not find any statistically significant differences in either of these
343  measurements, revealing that there is no apparent loss of photoreceptor and the retina

344  structure is maintained (Figure 9).

345

346 Discussion
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347 We generated a mouse model of FHONDA by installing a truncating mutation
348  (p.Pro196*) at the S/c38a8 locus using CRISPR-Cas9 genome editing tools. This mutant
349  closely resembles one of the first familial mutations reported at the SCL38A8 locus in
350 FHONDA patients (p.GIn200*)’. We subjected this animal model to extensive

351  phenotyping.

352  Ourresults indicate that the pigmentation of S/c38a8 homozygous mutant mice is similar
353  to wild-type pigmented control C57BL/6J mice in terms of coat color, iris pigmentation,
354  melanin content in the eye, mirroring the observation in FHONDA patients that
355  pigmentation is not affected®’!!. However, we noted a statistically significant decrease
356 in pigmentation intensity in the iris of +18,5 dpc S/c38a8 heterozygous embryos
357 compared with wild-type pigmented C57BL/6J embryos. This slight discrepancy could be
358 related to subtle differences in the genetic background of these animals (98,44% of

359  C57BL/6J genome after five rounds of backcrossing).

360 Interestingly, we noted subcellular abnormalities during the histological assessment,
361  with empty areas within the RPE cells under light microscopy, identified as large vacuoles
362 inside the RPE cells by electron microscopy. These structures were not present in
363  pigmented C57BL/6J and albino B6(Cg)-Tyr?” mice. Vacuolization of RPE cells has been
364 commonly reported in mouse models of other visual pathologies®’. Besides, the number
365 of pigmented melanosomes within RPE cells of wild-type pigmented C57BL/6J, SIc38a8

366 heterozygous and homozygous mutant mice did not exhibit any differences.

367 We show that the ipsilateral projection is reduced both at the optic chiasm in embryos
368 and in brain targets in adult S/c38a8 homozygous mutant mice. Reduced ipsilateral

369 ganglion cell projections is a characteristic alteration of the visual tract found in all albino
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370 mammals, especially in mouse models of albinism?33135, Also, Ipsilateral misrouting is a
371  common feature present in all FHONDA patients®, although one study documented a
372  FHONDA patient who showed no evidence of chiasmal misrouting®®. Interestingly, the
373  visual cortex of FHONDA patients receives inputs only from the contralateral eye, while
374  thevisual cortex in patients with other types of albinism receives inputs from both eyes,
375 albeit a much smaller proportion from the ipsilateral eye compared to control subjects3g,

376  suggesting a stronger phenotype following SLC38A8 mutation.

377  We evaluated the visual function of S/c38a8 mutant mice using electrophysiological and
378  behavioral methods. Mixed ERG responses performed under scotopic conditions, where
379 rod photoreceptors are active, revealed statistically significant differences between
380 control C57BL/6J and S/c38a8 homozygous mutant mice, as well as between S/c38a8
381  heterozygous and homozygous mutants. However, none of these differences were
382 observed when we evaluated the cone contribution to the ERG under scotopic
383  conditions. It is worth noting that some FHONDA patients also exhibit normal ERG

384 measurements?®.

385 Some of these findings (differences in rod versus cone response) are also consistent with
386 a moderate rod deficit observed in albino mice?33°. However, OCT measurements to
387 assess the retinal and ONL thickness did not confirm the reported differences in
388  photoreceptor numbers, but the level of resolution may not be sufficient. Similarly, in

389  FHONDA patients, foveal hypoplasia is not always detected in all individuals®®.

390 Behavioral studies with OT clearly demonstrated that S/c38a8 homozygous mutant mice

391  exhibited a statistically significant reduction in visual acuity, as observed in FHONDA
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392  patients®. However, the same test detected an unexpected reduction in visual acuity in

393  S/c38a8 heterozygous animals.

394 In this study, we generated and phenotyped a FHONDA mouse model that faithfully
395 recapitulates the phenotype observed in FHONDA patients®®13-1938 providing valuable
396 insights into the underlying mechanisms and potential therapeutic targets for this

397 condition.

398 Interestingly, for most tests, S/c38a8 heterozygous mice behaved similarly to pigmented
399  control animals. Surprisingly, in two tests (subcellular alterations in RPE cells, optomotor
400 test), the same S/c38a8 heterozygous animals behaved similarly to S/c38a8 homozygous
401  mutants. These seemingly contradictory results suggest that S/c38a8 heterozygous mice
402 might also exhibit an altered visual phenotype. It is possible that Sc/38a8 mutations

403  behave in a semi-dominant manner rather than a recessive one, as initially anticipated.

404 To our knowledge, there has been only one individual described carrying an
405 heterozygous mutation in SLC38A8 with a partial FHONDA phenotype (nystagmus, but
406  with a normal fovea and normal decussation)®. There are published examples of semi-
407 dominant inheritance in rare diseases*®*!, including recent cases of syndromic
408  albinism®. These findings indicate that semi-dominant inheritance is a possibility and

409  should be explored further in FHONDA.

410 The visual characteristics observed in FHONDA patients, including foveal hypoplasia,
411  nerve misrouting, reduced visual acuity, and nystagmus, closely resemble those seen in
412  other types of albinism and prompted researchers to list FHONDA as a new genetic
413  subtype of albinism where patients do not exhibit any signs of hypopigmentation®. The

414  visual phenotype of our FHONDA mouse model, with the morphological, anatomical and
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415  functional visual abnormalities detected in S/lc38a8 homozygous mutant mice, further
416  contributes to associate FHONDA with the visual alterations commonly found in

417 albinism.

418  Similar to FHONDA, ocular albinism type 1 (OAl), associated with mutations in the
419 GPR143 gene, is also characterized by the visual abnormalities commonly found in

420  albinism with subtle ocular pigmentation defects*.

421  The complex and heterogenous genetic nature of albinism has been a perplexing
422  challenge for researchers over the years. Understanding the range of genes responsible
423  for causing similar retinal phenotypes has only just begun. Recently, researchers have
424  proposed a hierarchical arrangement of all these genes, outlining their relationships
425  based on the phenotypes observed®. Interestingly, the proposed ordered list ends with
426  the GPR143 and SLC38A8 genes, as the two most downstream effectors of the visual
427  alterations associated with albinism. Our model opens new possibilities to study the

428  mechanisms at the origin of these congenital visual disorders.

429
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559  Figure legends

560  Figure 1l

561 Generation of a S/c38a8 mouse mutant with CRISPR-Cas9 technology. A. Schematic
562  representation of the S/c38a8 murine locus at chromosome 8, opposite DNA strand
563 (UCSC Genome Browser on Mouse July 2007, NCBI37/mm9). Part of the exon 4 is
564  expanded to show some of the amino acids encoded, including p.197GIn (equivalent to
565 human p.200GlIn, indicated by a purple square, see supplementary Figure 1). The DNA
566  sequence underneath contains the sgRNA used (in bold, in black) and the PAM sequence
567 (in bold, in red). B. Wild-type SIc38a8 mouse protein sequence (reference) and 16
568 predicted proteins derived from the 16 mutated alleles identified in CRISPR genome-
569 edited mice. The p.197GlIn is indicated by a vertical red arrow. In red, erroneous amino
570 acids generated by the corresponding mutation. An asterisk identifies a newly created
571  STOP codon. The selected FHONDA mutant allele (p.196Pro*), carried by mouse mosaic

572  founder #A8578, is indicated by an horizontal red arrow and framed.

573  Figure 2

574  Coat color of SIc38a8 mutant mice. A. wild-type pigmented control C57BL/6J mouse. B.
575 albino control B6(Cg)-Tyr“?” mouse. C. SIc38a8 heterozygous (+/-) mouse in C57BL/6)
576  genetic background. D. S/c38a8 mutant homozygous (-/-) mouse in C57BL/6J genetic

577  background.

578  Figure 3

579 Eye pigmentation of SIc38a8 mutant mice. A. Representative whole-mounted retinas

580 (above) and irises (below) from adult (2-3 months old) wild-type pigmented C57BL/6J,
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albino B6(Cg)-Tyr<?”, Sic38a8 heterozygous “HET” (+/-) and S/c38a8 homozygous
mutant “HOM” (-/-) mice. B. Melanin content in the eyes of adult mice from the four
genotypes (spectrophotometry). Mean + SEM, N=6, 1-factor ANOVA with Bonferroni
correction for multiple comparisons: * p<0.05, ** p<0.01, *** p<0.005, **** p<0.0001.
C. Iris pigmentation intensity (Imagel) in +18,5 dpc embryos. Mean = SEM, N=5-8, 1-
factor ANOVA with Bonferroni correction for multiple comparisons: * p<0.05, ** p<0.01,

*#% n<0.005, **** p<0.0001.

Figure 4

Histological analysis of S/c38a8 mutant mouse retinas at the light microscope.
Representative images of horizontal mouse retina sections (5 um) counterstained with
cresyl violet, from adult (2-3 months old) wild-type pigmented C57BL/6)J, albino B6(Cg)-
Tyr=?/, Slc38a8 heterozygous “HET” (+/-) and Slc38a8 homozygous mutant “HOM” (-/-).
Four different magnifications are shown for each genotype. “Empty” areas within RPE
cells in FHONDA mouse retinas are indicated with arrows. The indicated scale bar in all

images represents 50 um.

Figure 5

Histological analysis of of S/c38a8 mutant mouse retinas at the electron microscope.
Representative images of mouse retina sections, processed for electron microscopy,
from adult (2-3 months old) wild-type pigmented C57BL/6J, albino B6(Cg)-Tyr<?/,
Slc38a8 heterozygous “HET” (+/-) and Slc38a8 homozygous mutant “HOM” (-/-). Three
different magnifications are shown for each genotype. Subcellular alterations/abnormal
vacuoles within RPE cells are indicated with asterisks. The indicated scale bar in all

images represents 1 um for the top row, 0.5 um for the middle row, and 0.2 um for the
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604  bottom row. RPE, retinal pigment epithelium cells; OS, outer segments of photoreceptor

605 cells; BrM, Bruch’s membrane; M, melanosomes.

606  Figure 6

607  Analysis of retinal ganglion cell projections of S/c38a8 mutant mice. Unilateral (left eye)
608 anterograde labeling of +18.5 dpc embryos with neuronal tracer Dil. A. Representative
609 images of whole-mounted optic chiasms from wild-type pigmented C57BL/6J, albino
610  B6(Cg)-Tyrc-2J/), Slc38a8 heterozygous “HET” (+/-) and Slc38a8 homozygous mutant
611  “HOM” (-/-) mice. Ipsilateral projections are indicated with a purple arrow. Contralateral
612  projections are indicated with a white arrow. B. Quantification of ipsilateral projections.
613  Bars are expressed in percentages considering faint (barely visible, shown in grey) or
614  strong (clearly visible, shown in black) uncrossed fibers. Data are derived from N=12
615 (pigmented), N=11 (albino), N=12 (S/c38a8 +/-) and N=9 (S/c38a8 -/-) number of fetuses
616  analyzed. Ipsilateral projections were detected only in N=9 (pigmented, 6 strong and 3
617  faint), N=9 (albino, 1 strong and 8 faint), N=10 (S/c38a8 +/-, 6 strong and 4 faint) and N=4

618  (SIc38a8 -/-, 0 strong and 4 faint).

619  Figure 7

620  Slc38a8 homozygous mutation results in a major deficit of retinal axonal projections in
621 mice. A. Schematic view of retinal projections in different visual targets after
622  anterograde axonal tracing following intraocular injection of Alexa Fluor 555 or 647
623  conjugated cholera B-subunit toxin (CTB) in each eye. B. 3D image of the light sheet
624  acquisition showing structures schematized in (A). lpsilateral and contralateral
625  projections are well segregated in the dorsal lateral geniculate nucleus (dLGN) of a

626  control C57BL6/J mouse. Ipsilateral projections in the superior colliculus (SC) are not
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627  visible due to the intensity of the contralateral staining. C. Top view of the entire ipsi-
628 and contralateral retinal projections from one eye in C57BL6/J, Slc38a8 HET (+/-), and
629  Slc38a8 HOM (-/-) mice. The number of ipsilateral projection patches in the SC is notably
630 decreased Slc38a8 HOM (-/-) mice, compared to Slc38a8 HET (+/-) and C57BL6/). D.
631 Lateral view of the retinogeniculate ipsilateral projections in the dLGN, the
632 intergeniculate lamina (IGL) and the ventral LGN (vVLGN). The thumbnail image indicates
633  the orientation of the capture, as the LGN was visually isolated from the rest of the
634  projections for clarity’s sake. Arrows indicate areas in the dLGN where major changes
635  were visible in SIlc38a8 HOM (-/-) mice compared with Slc38a8 HET (+/-) and C57BL6
636  mice, including a decrease in projection density. E. Optical sections of the caudal dLGN
637 showing an ectopic patch of contralateral projections (arrow) in the Slc38a8 HOM (-/-)
638 mutants at the periphery of the dLGN, adjacent to the optic tract (OT), that was absent
639 in the other genotypes. F, G. Volume of ipsilateral projections in the dLGN in C57BL6/J,
640  SIc38a8 HET (+/-), and Slc38a8 HOM (-/-) mice, as raw values (F) or normalized over the
641  volume of the total dLGN (G) show a reduction in the volume of the ipsilateral projections
642 in Slc38a8 HOM (-/-) compared to C57BL6/) mice. H. Total dLGN volume used for
643  normalization. Abbreviations: p. projection; D: dorsal; V: ventral; C: caudal; R: rostral; L:
644 lateral; M: medial. Statistics: Kruskal-Wallis test, followed by Dunn's multiple
645  comparisons; * p<0.05. Small variations in volume were present due to the clearing
646  process. Image colors have been inverted for better visibility in C-E. Bars indicate means

647 and SEM.

648  Figure 8
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649  Functional retinal analysis of SIc38a8 mutant mice. Electroretinogram recordings in
650  scotopic conditions were obtained from adult (2-3 months old) wild-type control
651  pigmented C57BL/6J, SIc38a8 heterozygous “HET” (+/-) and S/c38a8 homozygous mutant
652 “HOM” (-/-). A. Representative dark-adapted ERG intensity responses to single and
653  double 1 log cd-s/m2 flashes from the three genotypes. B-C. Luminance-response curves
654  of the three experimental groups. Each graph includes measurements from scotopic
655 mixed responses depicting a-wave (B) and b-wave (C) amplitudes. D. Maximal scotopic
656  cone-driven response from the three genotypes showing maximal a- and b-wave
657 amplitudes. No statistically significant differences were found. E. Left: configuration of
658 the optomotor system. Image was created using BioRender (https://biorender.com/).
659  Right: visual acuity measured as the spatial frequency threshold in the three
660 experimental groups. Mean + SEM, N=5-8. Two-way ANOVA with Bonferroni correction
661  (ERG) and Kruskal-Wallis test and Dunn’s post-hoc test (optomotor test). * p<0.05, **
662  p<0.01, Asterisks (*) refer to comparison between S/c38a8 heterozygous (+/-) and
663  SIc38a8 homozygous (-/-) mice. Hash (#) refers to comparisons between control

664  pigmented C57BL/6J and S/c38a8 homozygous (-/-) mice.

665  Figure 9

666  Retinal structure of SIc38a8 mutant mice evaluated in vivo by optical coherence
667 tomography. Representative OCT images from control pigmented C57BL/6J (A),
668  heterozygous S/c38a8 (+/-) (B) and homozygous S/ic38a8 (-/-) (C) mutant mice. D
669  Quantification of the total retinal thickness. E. Quantification of the ONL thickness (Outer
670  Nuclear Layer, photoreceptor nuclei). Mean + SEM, N=5-8. Two-way ANOVA with

671  Bonferroni correction. There are no statistically significant differences. RNFL: retinal
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672  nerve fiber layer, GCL: ganglion cell layer, IPL: inner plexiform layer, INL: inner nuclear
673  layer, OPL: outer plexiform layer, ELM: external limiting membrane, EZ: ellipsoids zone,

674  RPE: retinal pigment epithelium. Scale 100 um.

675 Supplementary Figure 1

676  BLASTP (NIH/NCBI) alignment of SLC38A8 human (A6NNN8 UniProtkB, 434 amino
677  acides) and SIc38a8 (Q5HZH7 UniProtKB, 431 amino acids) mouse proteins. The p.200Q
678 (human) and p.197Q (mouse) amino acid residues are highlighted in bold and indicated

679  with a vertical arrow.

680 Supplementary Figure 2

681 Identification of FHONDA mutant founder (FO) mice after genome editing with CRISPR-
682  Cas9 tools. A. Detection of FHONDA mutant founder (FO) mice by PCR. Three positive
683  founder mice are shown, including #A8578, the mouse that carries the p.199Pro*
684  mutant allele eventually selected for this study. Larger bands correspond to insertions
685 and smaller bands correspond to deletions. B. Detection of FHONDA mutant founder
686  (FO) mice by T7 Endonuclease | assay, which detects indels (insertions/deletions). Five
687  positive founder mice are shown, including #A8578. C. Germline transmission test of
688 FHONDA mouse mutant founder (FO) #A8578. The deleted product (smaller band) is

689 found in numerous Fl-derived animals.

690  Supplementary Figure 3

691  Number of pigmented melanosomes per RPE cell, counted from electron microscope
692 images, in adult (2-3 months old) wild-type pigmented C57BL/6J, FHONDA S/c38a8

693  heterozygous “HET” (+/-) and FHONDA S/c38a8 homozygous mutant “HOM” (-/-). Mean
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694 + SEM, N=18-20 RPE cells, 1-factor ANOVA with Bonferroni correction for multiple

695 comparisons. No statistically significant differences were detected.

34


https://doi.org/10.1101/2023.08.19.553949
http://creativecommons.org/licenses/by-nc-nd/4.0/

10 kb} | mm9
122,005,000] 122,01 o.oou_l 122,015,000| ) i 22.020.oooi 122,025,000|
e

Slc38as M b I ¥

LN N o L N b l‘ H

Val Ile Thr val Gln Tyr Tyr Leu Trp Pro|Gln |Gly Leu Ile Arg Gln Pro
GTC+ATC+ACG*GTG+*CAA*TAC*TAC:CTG*TGG*CCC+CAG*GGC+-CTC+-ATA+CGC+CAG+CCC

exon 3 exon 4 »l: exon 5 . exonb

Reference AT.QRYTSILGTLAACYLALVITVQYYLWPQGLIRQPGPLLSPSPWTSVFSVFPTICFGFQCHEAAVSI

ALQRYTSILGTLAACYLALVITVQYY---QGLIRQPGPLLSPSPWISVFSVFPTICFGFQCHEAAVSI
ALQRYTSILGTLAACYLALVITVOYYLWPGPHTPARSFAEPVSLDLCV*
ALQRYTSILGTLAACYLALVITVOYYLWHRLGATFSS*

ATLQRYTSNPRYFAEPVSLDLCV*
ALQRKYTSILGTLAACYLALVITVQYYLWPHTPARSFAEPVSLDLCV*
ALQRYTSILGTLAACYLALVITVQYYLPHTPARSFAEPVSLDLCV*
ALQORYTSILGTLAACYLALVITVQYYLWPRASYASPVLC*
ALQRKYTSILGTLAACYLALVITVOYYLWPPGPHTPARSFAEPVSLDLCV*
ATLQRYTSIPGPHTPARSFAEPVSLDLCV*

ALQRYTSILGTLAACYLALVITVOYYL—===- IRQPGPLLSPSPWTSVFSVFPTICFGFOQCHEAAVST
ALQRKYTSILGTLAACYLALVITVQYYLWPRASYASPVLC*
ATLQRKYTSILGTLAACYLALVITVQYYPGPHTPARSFAEPVSLDLCV*

ALQRKYTSILGTLAACYLALVITVQYYLW* |

ALQRYTSILGTLAACYLALVITVQYYLWASYASPVLC*
ALQRYTSILGTLAACYLALVITVQYYLRPHTPARSFAEPVSLDLCV*
ALQRYTSILGTLAACYLVLVISVQYYLWPTPCRFFELITDYPYFNLLFLATLKLGPQGLIHQPGPLLSP

Figure 1


https://doi.org/10.1101/2023.08.19.553949
http://creativecommons.org/licenses/by-nc-nd/4.0/

Figure 2


https://doi.org/10.1101/2023.08.19.553949
http://creativecommons.org/licenses/by-nc-nd/4.0/

Figure 3

~
-
o
T .. »
%) \@
(@) o3
0 &,
o™ * @,
O * ° Ky
— * ° B \\x
n * * - \,\
* %
X %,
%
* - &
N
* O,\\\,
x A7
* %
Q %
/ = ~
+ *
N &
R
T 1 | | 1 1
Ll o o o o o o
T & Q 4 a 0
(%)
oao Aisuaiul uonejuawbid su|
9]
O
—
(V2
O
N
N
;&
>
. H - 5,
o0 K@
) o\m\%
© %
s x . i %
* Hl %,
:
* %@v
3
%
%
* 0,\\\.
X Yz
* %
° £
(4
— ° ° =
6 ll_ [ ] ,O\V
/ &
— )
B ] | 1
N © < N o
LN
O (6/0Q) wbramyuiueBW WUQLY SAY



https://doi.org/10.1101/2023.08.19.553949
http://creativecommons.org/licenses/by-nc-nd/4.0/

C57BL/6) B6(Cg)-Tyre-2/ SIc38a8 HET (+/-) SIc38a8 HOM (-/-)

55 - S3TaT Wil R
N R e S
“ ¥ S €
A 3 - ! s { %
o o 3 4% &
3 ¥ /
i v 1’,“.',, .
N ( vy &
\ oy 3
t A"‘ &F
/ o 5 X
3 | ¢ ) 3
% I 7
Q / | b 4
Y - \ U g
3 (! !
{ i -
{ | (B - 3
’ \ .v ‘
. ' i 4
oe R | g
T LI v

TETEAY. O,
¥ . % 3 J
S e
’ k< ‘&%{%. s LA
-‘%\«2
2 :’5-3:‘-. <G \

Figure 4


https://doi.org/10.1101/2023.08.19.553949
http://creativecommons.org/licenses/by-nc-nd/4.0/

C57BL/6) B6(Cg)-Tyr=-2/! Slc38a8 HET (+/-) Slc38a8 HOM (-/-)

Figure 5


https://doi.org/10.1101/2023.08.19.553949
http://creativecommons.org/licenses/by-nc-nd/4.0/

A B 120,00 E
100,00
\ 80,00
60,00
300 pm 300 pm .
c D 40,00
20,00
\ 0,00 -
N\ N RN N
& & N R
A\ P 2
& \& P
& ? o
S00pm S00pm

B strong Ofaint

Percentage of ipsilateral projections

Figure 6


https://doi.org/10.1101/2023.08.19.553949
http://creativecommons.org/licenses/by-nc-nd/4.0/

Superior colliculus

Dorsal lateral

geniculate nucleus

Optic tract
Optic nerve
Eye

1000 pum

C57BL/6J

Slc38a8 HET (+/-)

Slc38a8 HOM (-/-)

o

>

GJ

&=

2

e

5

A |
2

o

o

©

o

=

[

& | 1000 pm

Ipsilateral p. —»

Contralateral p.

N

el
)

LGN (ipsilateral projections)

dLGN (contralateral)

0.025

Ig

% 0.15
E T .
2 0.020 - ° E 0.24 s
2 0015 S [N 5 010 " E 0.22 —1=
§ - z = : H — i
: - I e = : : :
£ 0.010 2 . g s % 020 H
g == S ; & 3 4
a ° 5 0.05- I i
§ o0.005 2 » 2 018 .
3 I
£ 0000 0.00 . - 0.16 ; ; .
N N N N N %
0@ & & é") & & \)é & D
& A & Q A & Q & &
& & S & & R & S
¢ & > ¥ & & $ & 4
& & o o I &

Figure 7


https://doi.org/10.1101/2023.08.19.553949
http://creativecommons.org/licenses/by-nc-nd/4.0/

Scotopic a-wave (uV)

Cone-driven a-wave (pV)

2000V

100ms

C57BL/6J

Single-flash ERG

Slc38a8 HET (+/-)

Double-flash ERG

|
> C57BL/6J
(=]
5]
200ms
400+
* %
300 * 4
*k %% 3
200 AT -
ErR
1004 ; --e-- C57BL/6J (n=8)
= 4 ~-e- SIc38a8 HET (+/-) (n=8)
o Slc38a8 HOM (-/-) (n=5)
D Ll T Ll T
2 -1 0 1
Luminance (log cd s/mz)
801 300+
3 L)
60 ’ @ .
i . e
- § 200
40 -
g
£ 100+
20 ho3
c
(e}
o
04 0-
W G 0 W
& L5 NN
P & SRS
o P ¥ P
R o o &
& of S oF

Scotopic b-wave (pV)

Slc38a8 HET (+/-)

800+

600+

400+

200+

_:_.gjji--'i

Slc38a8 HOM (-/-)

Slc38a8 HOM (-/-)

[ 2 ]
v
rab %

A jif:_':::: -

--e-- C57BL/BJ (n=8)
--e-- SIc38a8 HET (+/-) (n=8)
Slc38a8 HOM (-/-) (n=5)

2

¥ 0 1
Luminance (log cd s/m?)

* %k
= 0.8+ *
g . |
S 0.6 ®
o ° b=
2
S 0.44
o
©
®
g 2]
>
0.0 T T T
> > B
@ N N
z\@\> ‘\\‘ §\‘\
A & O
SN SRS
P P
Co) D
PP
¥ o

Figure 8


https://doi.org/10.1101/2023.08.19.553949
http://creativecommons.org/licenses/by-nc-nd/4.0/

Figure 9

(wri) ssauoly} INO

do % - n
v AW . AR R

C57BL/6J|B SlIc38a8 HET (+/-)|C Slc38a8 HOM (-/-)

T
o o
Yo}

2001 M S ==
N
A
N
2

150+
100+

(wr) ssauyoiy) |eunal |ejo |

o


https://doi.org/10.1101/2023.08.19.553949
http://creativecommons.org/licenses/by-nc-nd/4.0/

Human

Mouse

Human

Mouse

Human

Mouse

Human

Mouse

Human

Mouse

Human

Mouse

Human

Mouse

Human

Mouse

MEGQTPGSRGLPEKPHPATAAATLSSMGAVFILMKSALGAGLLNFPWAFSKAGGVVPAFL

CL G sl UL U =0 D] me mn] U DU UELL Be2llE CUVCLY C1 KV CVET =80 L 2201 |
MEGQPRGSRGPLEKPLPAATHPTLSSLGAVFILLKSALGAGLLNFPWAFYKAGGMLPTFL

VELVSLVFLISGLVILGYARAVSGQATYQGVVRGLCGPAIGKLCEACFLLNLLMISVAFL

C-trrrrerererrreereb-rrer-rereerr-=rrert-reeer-rer-rrrrrrrnd
VALVSLVFLISGLVILGYAASVSGQTTYQGVVRELCGPAMGKLCEICFLTNLLMISVAFL

RVIGDQLEKLCDSLLSGTPPAPQPWYADQRFTLPLLSVLVILPLSAPREIAFQKYTSILG
R N R e N R N R e N N N RN RN RN R AR
RVIGDQLEKLCDSLL---PDAPQPWYAAQNFTLPLISMLVIFPLSALREIALQKYTSILG

2
TLAACYLALVITVQYYLWPQGLVRESHPSLSPASWTSVESVFPTICEFGFQCHEAAVSIYC

ferrrerreerrrrrerrrrt b=t ret--rrrerrrrrrrrrrrr e errrrrrd
TLAACYLALVITVQYYLWPQGLIRQPGPLLSPSPWISVFSVFPTICFGFQCHEAAVSIYC

SMRKRSLSHWALVSVLSLLACCLIYSLTGVYGFLTFGTEVSADVLMSYPGNDMVIIVARV

LI O 1 Y O 0 6
SMWNQSLSHWTLVSVLSLLACCLVYTLTGVYGFLTFGPEVSADILMSYPGNDTAIIVARV

LFAVSIVTIVYPIVLFLGRSVMQDFWRRSCLGGWGPSALADPSGLWVRMPLTILWVTVTLA
R B B FE=-rterer-rer=ere-ere-een-
LFAVSIVTVYPIVLFLGRSVMQDFWKKSYWATRGPPVLADPSGPWVRLPLTFLWVVVTLT

MALFMPDLSEIVSIIGGISSFFIFIFPGLCLICAMGVEPIGPRVKCCLEVWGVVSVLVGT

NN R R R R RN RN RN R R RN RN RN N AR AR
MALFLPDLSEIISIIGGVSSFFIFIFPGLCLICAVDTEPMGPRVKCCLEAWGILSVLVGT

FIFGQSTAARAVWEM 434
0 o e
FIFGQSTAVAMVEL 431

60

60

120

120

180

177

240

23

300

297

360

357

420

417

Supplementary Figure 1


https://doi.org/10.1101/2023.08.19.553949
http://creativecommons.org/licenses/by-nc-nd/4.0/

|
i

[ |

g e s s e

A8582

!

e R R R R L R R R
-

! 1

A8570 A8578

(0 (U

A8573 A8575  A8578  A8587 A8592

— ==

|

o

F1 from A8578 v

@)

0O OO O 1 N MO < O © I~ 0 00 O 14 N M 00
P~ I~ CO 0O 00O 0O 00O 00O 0O 0O O O O OO O) O I~
I N N N N N N e R R N N N N N T
00O 0O 0O 0O 0O 0O 0O 0O 0O 0O 0O 0O 0O 0O 0O O o0
IdidIIeI LIS

Rt T T ——— )
- » - - G S = 4 aw e - o o - - . o

—

Supplementary Figure 2


https://doi.org/10.1101/2023.08.19.553949
http://creativecommons.org/licenses/by-nc-nd/4.0/

Supplementary Figure 3

%,
0%
&
&
v)
2
[ ]
[ ] e O
% AI_% o oo B \\x\
[ ] ,\/vv
s%\
&
o
v)
2
[ ]
[ ] [ X ) [ ) [ ] [ ) - \WV\
(] 2
3
)
1 || || 1 ||
o o o o o o
o (o0} © <t AN

—

[199 3dY / Sswosourjaw pajuswbid Jo JaquinN


https://doi.org/10.1101/2023.08.19.553949
http://creativecommons.org/licenses/by-nc-nd/4.0/

